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Abstract 

The coordination modes of simple diarylmagnesium species have been investi- 
gated by crystal structure studies of representation compounds. In the case of 
diphenylmagnesium (l), both the solvated monomeric complex Ph,Mg - [THF], (la) 
and the solvent-free compound [Ph,Mg], (lb) were characterized. A polymeric 
structure was found for lb, with tetrahedrally coordinated magnesium atoms 
interconnected by p,#-bridging phenyl groups to form linear chains. Bis(p- 
tolyl)magnesium (3) crystallizd in a remarkable double structure that contained 
dimeric and monomeric units in a 1: 2 ratio. In the dimer, two aryl groups are 
p,$-bridging. 

Introduction 

In earlier investigations, we studied the complexation of diphenylmagnesium (1) 
with some crown ether ligands. A remarkable crystal structure was found for the 
complex [1,3-xylyl-I&crown-5]- [Ph,Mg] (2), which has a rotaxane or threaded 
structure [l]. In 2, an approximately linear Ph-Mg-Ph unit is equatorially sur- 
rounded by four of the five crown ether oxygen atoms. With the analogous, but 
smaller crown ether 1,3-xylyl-15-crown-4, a remarkable metallation reaction oc- 
curred [2]. This reaction, which is unusual in organomagnesium chemistry, probably 
starts with formation of a crown ether/diorganylmagnesium complex, which cannot 
be isolated because it reacts further. (The complexation of 1 with glymes is also 
being investigated, and the crystal structures of these complexes will be reported 
separately.) The investigations had to be performed in diethyl ether, since in THF 
the strong donor ability of this solvent prevented formation of complexes with the 
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Scheme 1 

[Ar2Mg.THF]p Ar2Mg.[THF12 

polyethers. Instead, the bis(tetrahydrofuran) complex was formed. Under suitable 
conditions, crystals of Ph,Mg - [THFJ, (la) were isolated [3]. 

Since, surprisingly, the crystal structure of compound la has not previously been 
described, an X-ray diffraction study was performed. In studies of both inter- and 
intra-molecularly coordinated more complicated diphenylmagnesium complexes, the 
structure of la will serve as a reference. There are no structural data on oligomeric 
diarylmagnesium compounds in the literature, justifying further experiments with 1 
aimed at obtaining crystalline complexes of this type. In addition to 1, related 
bis(p-tolyl)magnesium (3) was also investigated; because of the small differences in 
physical properties between 1 and 3, the observations on these reagents were 
expected to be complementary. In solution, various aggregates are present in 
equihbtium, as depicted in Scheme 1. It seemed likely that, depending on the 
crystallization conditions, the monomeric, dimeric, or polymeric species could be 
isolated. Formation of the such species should be aided by use of a non-polar 
medium (low THF content) [4]. As in the case of dialkyhnagnesium complexes, 
oligomerization of 1 and 3 might occur by bridging of the organic groups via 
three-center two-electron bonds involving two magnesium atoms [5]. 

Jzxperimental 

All manipulations involving diaryhnagnesium compounds were performed in 
sealed glass apparatus by high vacuum techniques [6], since even small traces of 
impurities interfere with the crystallization. Twice- or triply-sublimed magnesium 
was used. THF, Et,O, n-hexane and benzene were distilled from potassium/sodium 
alloy. ‘H and % NMR spectra were recorded on a Bruker WM-250 spectrometer at 
250 and 62.89 MHz, respectively. Melting points are uncorrected. The elemental 
analysis of 5 was carried out at the Organic Chemical Institute TNO, Zeist, The 
Netherlands. Concentrations of ‘total base’ and Mg2+ in organomagnesium solu- 
tions were determined by titration of a sample of known volume against acid or 
EDTA, respectively [ 61. 

Diarylmercury compounds 
~i~henylmercury (4) and bis( p-tolyl)mercury (S) were characterized by their ‘H 

and C NMR spectra in THF-ds, which were only slightly different from those 
obtained in other solvents [7,8]. Compound 5 was purified by high vacuum sublima- 
tion at 140°C/I0 -’ mmHg; the identity of the colorless solid (m-p. 236-237OC; 
lit. 238 [9] and 243O C [7]) was checked by elemental analysis. 

Diphenylmercwy (4) (from Merck). ‘H NMR (250 MHz, ref. THF-d, = 1.75 
ppm) S 7.09-7.23 (m, 2H, aryl-H(3)), 7.25-7.50 (m, 3H, aryl-H(2,4)). 13C NMR 
(62.89 MHz, ref. THF-d, = 24.0 ppm) 6 128.1 (dt, ‘J(C-H) = I59 Hz, >(C-H) = 7 
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D,O = 0 ppm) S 11.4 (s, Av,,~ = 240 Hz). The data for THF (20%) under the same 
conditions were: “0 NMR (toluene-d,, ext. ref. D,O = 0 ppm) S 16.7 (s, Av,,~ = 80 
Hz). 

The diarylmagnesium compounds 1 and 3 were also prepared in diethyl ether, by 
the procedure described above. Addition of n-pentane (10 mL) to a solution of 3 (1 
mmol) in diethyl ether (10 mL) resulted in a clear solution, which was concentrated 
to 3 mL, then cooled (lO°C). Colorless crystals were formed, but turned out to be 
unstable, immediately disintegrating in vacuum with loss of solvent of solvation. 

3. ‘H NMR (THF-d,, 250 MHz, ref. THF-d, = 1.75 ppm) 6 1.14 (t, 3 = 7 Hz+, 
6H, Et,O(Me)), 2.21 (s, 6H, a&Me), 3.43 (q, ‘J = 7 Hz, 4H, Et,O(CH,)), 6.85 
(d(AB)d, ‘J = 7 Hz, “J = 1 Hz, 4H, aryl-H(3)), 7.60 (d(AB)d, ‘J = 7 Hz, “J = 1 Hz, 
4H, aryl-H(2)). Most of the diethyl ether of solvation was lost during the isolation of 
the crystals from the mother liquor; an Et,0 : Ar2Mg stoichiometry of 0.32 was 
found. The complex is completely dissociated in THF, and the chemical shifts of the 
diarylmagnesium signals are identical to those previously reported [lo]. 

In spite of several attempts, no Ph,Mg diethyl etherate could be isolated; in all 
cases an oil was formed. A sample of this oil was dissolved in toluene-$ and the ‘H 
NMR spectrum (250 MHz) revealed an Et,0 to diarylmagnesium ratio of 2.5. When 
the temperature was lowered marked changes in the NMR spectrum were observed. 
298 K: 6 1.07 (t, ‘J = 7 Hz, 6H, CH,), 3.42 (q, 3 = 7 Hz, 4H, CH,), 7.53-7.59 (m, 
6H, aryl-H(3,4)), 8.26 (bs, 4H, aryl-H(2)). 223 K: 6 1.07 (bs, 6H, CH,), 3.41 (bs, 4H, 
CH,), 7.63-7.81 (m, 6H, aryl-H(3,4)), 8.40 (bs, 4H, aryl-H(2)). 205 K: 6 1.10 (bs, 
6H, CH,), 3.44 (bs, 4H, CH,), 7.54-7.72 (m, 2H, aryl-H(4)), 7.85 (t, 3 = 7 Hz, 4H, 
aryl-H(3)), 8.44 (d, “J = 7 Hz, 4H, aryl-H(2)). 

Solvent-free diphenylmagnesium (lb) was crystallized by use of a high dilution 
technique. A solution of 1 (20 mmol) in diethyl ether (200 mL), prepared as 
described above, was concentrated to a total volume of about 5 mL, and to this oily, 
yellowish-brown, residue was added a large quantity (2 L) of benzene, to give a clear 
solution. The solution was set aside for several months, during which crystals of lb 
slowly separated. The crystalline material (less than 1 mmol) was isolated, and 
remaining traces of solvent were removed by evacuation to 10e3 mbar. Some 
crystals were dissolved in THF-d,, and the ‘H NMR spectrum showed that only 
diphenyhnagnesium was present, with no trace of diethyl ether or benzene. The 
remaining crystals were transferred a nitrogen-filled glovebox, and crystals were 
selected for an X-ray structure determination. 

X-ray crystaIiographic studies 
Crystal data and details of the structure determinations are given in Table 1. 

Final atomic coordinates and equivalent isotropic thermal parameters are listed in 
Table 2 Neutral atom scattering factors were taken from [ll] and corrected for 
anomalous dispersion [12]. All calculations were performed with SHELX~~ [13] and 
the EUCLID package 1141 (geometrical calculations and illustrations) on a MicroVAX 
cluster. 

Structure determination and refinement of la. A colourless rod-shaped crystal 
was mounted under nitrogen in a Lindemann glass capillary and transferred to an 
Enraf-Nonius CAD4F diffractometer for data collection. Unit cell parameters were 
determined from a least squares treatment of the SET4 setting angles of 25 
reflections and were checked for the presence of higher lattice symmetry [15]. Data 
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Table 2 

Atomic coordinates and isotropic thermal parameters with esd's in parentheses for Ph,Mg-[THW, (la), 

F-ol,Wl,~~~Fl, (3) and IPbWl, (lb) 

Atom x Y Z U, a or Ui,(K) 

Compolurd Xa 

21, 
c(l) 
c(2) 
c(3) 
c(4) 
c(5) 
c(6) 
c(7) 
c(8) 
c(9) 
Cw 

Compound3b 

MIS(~) 
WI 
c(l) 
c(2) 
C(3) 
co 
c(5) 
c(6) 
q7) 
c(8) 
c(9) 
C(lO) 
CW 
c(w 
C(l3) 
W4) 
c(15) 
'W6) 
c(l7) 
c(l8) 

Compound 3a 
mm 
o(2) 
o(3) 
C(l9) 
c(20) 
c(21) 
c(22) 
q23) 
c(24) 
c(25) 
c(26) 
cc271 
C(28) 
c(29) 

0 

0.04%(l) 
-0.0277(2) 
-0.0714(2) 
-0.0864(2) 
-0.05832) 
-0.0154(2) 
-o.OOlql) 
0.0392(3) 
0.0783(2) 
0.1183(2) 
0.0956(2) 

0.082q2) 
O.OoOz(3) 
0.038q6) 

-0.0463(6) 
-0.0275(8) 
0.075(l) 
0.1617(8) 
O-1436(6) 

O-0960) 
-0.11%6) 
-0.1609(8) 
-0.0558(S) 
0.0458(S) 
0.267q5) 
0.3678(6) 
O-4875(6) 
0.5147(7) 
O-4185(7) 
0.3007(6) 
0.6448(6) 

0.1892(2) 
0.2950(4) 
O-2089(4) 
O-4244(7) 
O&39(9) 
0.3647(8) 
O-2565(7) 
O.OOSq6) 

-0.0831(7) 
-0.2004(7) 
-0.2338(6) 
-0.1485(8) 
-O-0313(7) 
-0.3625(6) 

0 

0.0336(2) 
0.0865(2) 
0.0852(2) 
0.1383(3) 
O-1953(2) 
0.1993(2) 
0.1466(2) 
0.088q3) 
0.0943(4) 
0.0490(4) 
0.0032(3) 

O-4625(2) 
O&88(4) 
0.6475(S) 
O-7551(6) 
O-8716(7) 
O&932(8) 
0.7897(9) 
0.6725(7) 
l-0240(7) 
0.559q6) 
O-4809(8) 
O-3840(9) 
O-4023(8) 
O-3650(6) 
O-4191(6) 
0.3506(8) 
0.2257(8) 
0.1691(6) 
0.2363(6) 
O-1517(7) 

o.lllq2) 
O-1354(4) 

-0.0755(4) 
0.0848(8) 
0.162(l) 
0.258q9) 
0.2272(7) 
0.2078(6) 
0.1619(6) 
0.2326(7) 
0.3550(8) 
0.4066(6) 
0.3335(7) 
0.4355(7) 

3/4 
0.9407(5) 
0.6087(5) 
0.5045(7) 
0.39Oq8) 
0.3739(7) 
0.4723(9) 
0.5886(6) 
1.0691(9) 
1.182(l) 
1.1301(9) 
0.9903(9) 

0.4317(l) 
0.3225(3) 
0.4529(4) 
0.4076(4) 
0.3851(5) 
0.4038(6) 
0.4469(5) 
0.4703(4) 
0.3789(6) 
0.2968(5) 
0.2568(6) 
0.2468(7) 
0.2732(6) 
0.4139(4) 
0.3852(4) 
0.3744(4) 
O-3913(4) 
0.4186(4) 
0.4300(4) 
0.3805(5) 

0.0316(l) 
0.1113(3) 
0.0928(3) 
0.1186(6) 
O-1563(9) 
O-1695(7) 
0.1558(6) 
0.0617(4) 
0.1231(4) 
0.1363(5) 
0.0883(5) 
0.0270(S) 
0.0144(S) 
0.102q6) 

O-0762(6) 
0.107(l) 
0.070(l) 
0.091(2) 
0.110(2) 
0.105(2) 
0.102(2) 
0.088(Z) 
0.170)3) 
0.197(5) 
0.139(3) 
0.126(2) 

0.0691(8) 
0.089(Z) 
0.079(3) 
0.085(S) 
0.108(3) 
0.127(5) 
0.116(4) 

0.094(3) 
0.214(6) 
0.105(3) 
0.151(5) 
0.175(6) 
0.156(5) 
0.077(2) 
0.087(3) 
0.098(3) 
0.089(3) 
0.089(3) 
0.085(S) 
0.132(3) 

0.0874(9) 
O.loq2) 
0.109(2) 
0.14q5) 
0.220(7) 
0.157(5) 
0.126(4) 
0.081(3) 
0.091(3) 
0.095(3) 
0.090(3) 
0.106(3) 
0.106(3) 
0.137(4) 
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Table2(oontinued) 

Atom x Y 2 

Compound 3a 

c(3f.U 0.2832.(S) # 0.1484(5) -0.0985(S) 

c(31) 0X74(6) 0.1060(6) -0.165q6) 

q32) 0.3252(7) 0.137q7) -0.2512(6) 

c(33) 0.4034(7) O-2167(8) -0.2781(5) 

W4) 0.4199(6) 0.2610(6) -0.2160(6) 

cd35) O-3628(6) O-2289(6) -0.1309(5) 

Ci36) O&67(8) 0.2525(9) -0.371q6) 

ci37.I 0.277(l) -0.1733(9) 0.061q7) 

c(38) 0.271(l) -0.2920(8) O.l3u(8) 

c(39) 0.185(l) -0.258(l) 0.1985(9) 

WO) O-159(2) -0.138(l) 0.172(l) 

Comjwmd lb 

2) 
l/4 0 0 

l/2 0.1297(3) 0.0665(2) 

c(2) l/2 0.2716(3) 0.0499(2) 

cI3) l/2 0.3753(5) 0.1006(3) 

q4) l/2 0.3381(6) 0.1707(3) 

c(5) l/2 0.20X!(6) 0.1908(2) 

c(6) l/2 0.1007(4) 0.1394(2) 

u_ = or CJ, (Al) 

0.079(3) 
0.091(3) 
0.101(4) 
0.100(3) 

0.096(3) 
0.088(3) 
0.172(5) 
0.181(6) 
0.180(6) 

0.244(7) 
0.39(l) 

O.O451(4) 
0.051(l) 
0.063(l) 
O.lOO(2) 
O-135(3) 
0.109(2) 

0.064(l) 

a v-4 -1/3ofthetraceoftheorthogonalidUmatrix. 

were collected within two Bijvoet-related quadrants of the reflection sphere and 
corrected for Lp, for a small linear decay (1.7%) of the intensities during the 44 h of 
X-ray exposure time but not for absorption. Data were merged into a unique dataset 
(R,, = 8.3%). The magnitudes of the standard deviations indicated by counting 
statistics were increased in the light of an analysis of the excess variance of the 
reference reflections: o*(I) = u:(I) + (0.021. I)* [Ml. The structure was solved by 
standard Patterson methods @ELYCSM [171) and a series of subsequent difference 
Fourier syntheses. Refinement on F was carried out by full matrix least squares 
techniques. H-atoms were introduced at calculated positions (C-H = 0.98 A) and 
included in the refinement riding on their carrier atoms. All non-hydrogen atoms 
were refined with a common isotropic thermal parameter (U= 0.198(8) A*). Two 
low order reflections with F, * F, were excluded from the final refmement stages. 
Weights were introduced in the final refinement cycles, convergence was reached at 
R = 0.0547. The absolute structure was checked by refinement with - if ” anoma- 
lous scattering factors resulting in R = 0.0563; R, = 0.0554. 

Structure &termination of 3. A colourless plate shaped crystal was mounted 
under nitrogen in a Lindemarm glass capillary and transferred to an EnrafNonius 
CAD4F diffractometer for data collection. Unit cell parameters were determined by 
a least squares treatment of the setting angles of 10 reflections with 11.7 < 8 < 17.0 O. 
The unit cell parameters were checked for the presence of higher lattice symmetry 
[15]. Data were corrected for Lp, for a small linear decay (1.4%) of the intensities 
during the 73 h of X-ray exposure time, and for absorption (DIFABS [18]; correction 
range: 0.57-l-43). The values of the standard deviations indicated by counting 
statistics were increased in the light of an analysis of the excess variance of the 
reference reflections: a*( I) = u;(I) + (0.012 - I)* [16]. The structure was solved by 
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direct methods (SHFJLXSE%) and subsequent difference Fourier syntheses. Refinement 
on F was carried out by full matrix least squares techniques. H-atoms were 
introduced on calculated positions (C-H = 0.98 A) and included in the refinement 
riding on their carrier atoms. All non-hydrogen atoms were refined with anisotropic 
thermal parameters, H-atoms were refined with three separate common isotropic 
thermal parameters. Weights were introduced in the final refinement cycles, conver- 
gence was reached at R = 0.0707. 

Structure &termination of lb. A block shaped colourless crystal was mounted in 
a Lindemann glass capillary and transferred to an Enraf-Nonius CAD4F dif- 
fractometer for data collection. Unit cell parameters were determined from a least 
squares fit of the SET4 setting angles of 25 reflections with 8.3 -K 8 -=z 17.5 O, and 
were checked for the presence of higher lattice symmetry [15]. Data were corrected 
for Lp, for a small linear decay (3%) of the intensities during the 13 h of X-ray 
exposure time and for absorption (DIFABS [18]; correction range O-66-1.38). The 
magnitudes of the standard deviations indicated by counting statistics were in- 
creased in the light of an analysis of the excess variance of the three reference 
reflections: a’(1) = u;(1) + (0.013.1)’ [16]. The structure was solved by direct 
methods followed by peak optimization (SHE= [17]). Refinement on F was 
carried out by full matrix least squares techniques (sm~x76 [13]). Hydrogen atoms 
were introduced at calculated positions (C-H = 0.98 A) and included in the refine- 
ment riding on their carrier atoms. All non-hydrogen atoms were refined with 
anisotropic thermal parameters. Hydrogen atoms were refined with individual 
isotropic thermal parameters (U = 0.06-0.20 A2). Weights were introduced in the 
final refinement cycles; convergence was reached at R = 0.051. 

Results and discussion 

Compounds 1 and 3 were made from the corresponding diaryl-mercury com- 
pounds diphenylmercury (4) and bis(p-tolyl)mercury (5) [19]. After purification of 4 
and 5, high vacuum techniques were used in the exchange reaction with magnesium 
to exclude the presence of hydrolysis or oxidation products in the diarylmagnesium 
solution obtained. High purity of the diarylmagnesium solutions is essential, since 
impurities interfere in the crystallization process or even lead to isolation of 
undesired species. For this reason, the synthesis of 1 via symmetrization of phenyl- 
magnesium bromide with p-dioxane is unsuitable [20]. THF solvates of both 1 and 3 
were obtained by crystallization from a THF/n-hexane mixture. The identity of the 
crystals was checked by ‘H NMR spectroscopy (in GD, or toluene-d,), and the 
amount of crystal solvent was estimated (found la: 2.0 eq. THF: 3: 1.7 eq. THF). 
Relative to the free ligand, the signals from the THF protons were shifted to high 
field upon complexation (Ai3 - 0.30 ppm (4x-CH,), -0.08 ppm (&CH2)). 

The position of the “0 NMR resonance signal for a concentrated solution of la 
was determined, relative to that for free THF in toluene-d,. The presence of Mg-0 
coordination is clearly indicated by broadening of the oxygen signal (from 80 to 240 
Hz half width), relative to that for free THF. In contrast, the chemical shift 
difference between coordinated and free THF molecules was small in comparison 
with the 700 ppm shift range for “0 NMR signals [21]: a 5.3 ppm shielding was 
observed. Tbis makes “0 NMR spectroscopy less suitable for studying the com- 
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Table 3 

Bond distances (A) and angles ( ” ) for la D 

w4-O(l) 2.030(4) 

W-W) 2.127(4) 

0(1)-c(7) 1.450(7) 

o(l)-WO) 1.418(6) 

c(lFcJ2) 1.395(6) 

W)-c(6) 1.396(5) 

c(2)-q3) l-398(7) 

cx3)_c(4) l-363(7) 

c44)-W) 1.355(8) 

45)-c(6) l-395(6) 

c(7)-c(8) 1.34(l) 

‘%3)-c(9) 1.45(l) 

q91-c(lO) 1.490(9) 

WkMg-O(l)’ 
O(l)-W-C(l) 
W)_Mg-C(l)’ 
WY-N-W) 
c(l)-W-c(l) 
MeO(l)-WI 
w-w)-~lo) 
wFo(lww) 
WiSW- WI 
WeC(lWW 

94.2(l) 
107.1(l) 
111.3(l) 
111.3(l) 
122.4(l) 
123.7(4) 
127-l(3) 
108.q5) 
122.7(3) 
123.8(3) 

W)-WI-WI 
c(l)-WWW 
c(2)-W)-W) 
c(3)-cx4)-c(5) 
cO-q5)-c(6) 
c(lWJ6)-c(5) 
o(l)-c(7)-W) 
c(7wm-c(9) 
c(8)-cJ9)-WO) 
o(l)-c(lO)-c(9) 

112.9(3) 
123.4(4) 
120.8(5) 
118.3(4) 
120.6(4) 
123.9(4) 
108.2(6) 
111.4(7) 
104.5(5) 
105.7(5) 

a ’ indicates symmetry operation - n, - y. 2. 

plexation of organomagnesium compounds with ether ligands, contrary to our initial 
expectation. 

Crystal structures of the THF adducts of I and 3 
The THF adducts of both 1 and 3 were studied by X-ray diffraction. In the case 

of 1, a normal pseudo-tetrahedral complex Ph,Mg - [THF], (la) was found, in 
which the diarylmagnesium unit is coordinated by two THF molecules. Bond 
distances and angles are listed in Table 3. The crystallization of 3 yielded a 
remarkable double structure, in which separate molecules of (p- 
tolyl),Mg(THF),(monomer, 3a) and [( p-tolyl),MgTHFJ, (dimer, 3b) co-crystal- 
lized in a 2 : 1 ratio. The presence of two independent organomagnesium species in 
one unit cell is a relatively rare phenomenon, although other examples are known 
[22]. Several factors which may give rise to this can be considered. In the first place, 
under our conditions of crystallization of 3, the two aggregates may have compara- 
ble thermodynamic stabilities; the low THF concentration in n-hexane is expected 
to play a role. In addition, favorable packing of 3a and 3b in the unit cell of the 
crystal apparently helps to bring both components of the association equilibrium 
together into one crystal. The bond lengths and angles of 3 are listed in Tables 4 
and 5, respectively. 

The structures of the monomeric complexes la and 3a are closely related, as can 
be seen from Fig. 1. The simularity between thf structures is evident from Table 6. 
The bond distances (Mg-C 2.126(7)-2.132(8) A, Mg-0 2.030(4)-2.050(S) A) lie in 
the normal range for organomagnesium compounds. The coordination geometry 
around the central magnesium atom deviates from tetrahedral, with a larger C-Mg- 
C angle (la: 122.4(1)O; 3a 124.4(3)O) and a smaller 0-Mg-0 angle (la: 94.2(1)O; 
3a 96.7(2) “). These features are common in organomagnesium chemistry, and are 
found in many crystal structures of such compounds [23]. So far, only one simple 
diarylmagnesium complex has been structurally characterized viz. Ph,Mg - TMEDA 
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Table 4 

Bond distances (A) for 3 

Compound 36 

M&l)-O(l) 
~L%WW) 
WlWO)” 
M1dlk4W 
o(W48) 
WHXW 
41Pw 
c(W46) 

Compound 30 
wm-0(2) 
M&2)-0(3) 
w~2kq23) 
W2)-WO) 
o(2)-W9) 
o(2)-c(22) 
o(3PJ37) 
0(3)-c(40) 
c(l9)-q20) 
c(20)-cx21) 

2.020(5) 
2.245(7) 
2.313(7) 
2.130(7) 
1.435(8) 
1.45(l) 

l-406(9) 
1.41(l) 

2.050(S) 
2.031(6) 
2.132(8) 
2.126(7) 

l-440) 
1.44(l) 
1.41(l) 
1.34(2) 

l-460) 
1.41(2) 

c(2wx3) 
c(3)-co 
Q4I-c(5) 
Ci4)-c(7) 
c(5)-c(6) 
c(8Hx9) 
CJ9)-c(lO) 
c(lO)-cjll) 

421b4W 
c(23w241 
C(23)-q28) 
c(zs)-c(25) 
W5)-426) 
q26)-c(27) 
c(26kq29) 
c(27wx28) 
CPFc(31) 
c(3OHx35) 

1.36(l) 
l-37(2) 
1.38(l) 
1.53(l) 
1.37(l) 
1.51(l) 

l-44(1) 
1.40(l) 

1.45(l) 
1.38(l) 
1.39(l) 
1.39(l) 
1.35(l) 
1.36(l) 
1.54(l) 

1.40(l) 
1.40(l) 
1.40(l) 

4W-432) 
4W-433) 
Ct331-q341 
c(33FCd36) 
c(34wt35) 
q37WJ38) 
CX38FJ39) 
ci39PwO~ 

1.40(l) 
1.40(l) 
-w) 
1.36(l) 
1.37(l) 
1.51(l) 
1.38(l) 

1.38(l) 
1.38(l) 
1.35(l) 
1.51(l) 
1.37(l) 
1.47(2) 

1.40(2) 
1.30(2) 

(6) [24]. Some diff erences between the structure of 6 and la or 3a can be associated 
with the nature of the TMEDA l&and. The coordinative bonds in 6 are longer 
(Mg-N 2.205(3) and 2.199(3) A), while the N-Mg-N angle is smaller (82_5(1)O ) 
because of the formation of a five-membered chdate ring. These structural features 
are also present in the crystal structure of the related complex MGMg - TMEDA (7) 

1251. 
The crystal structure of the centrosymmetric complex 3b (Fig. 2) represents the 

first for a dimeric simple diarylmagnesium compound. Bridging cr-p-tolyl groups in 
3b connect both metal centres via three-center two-electron bonds. In the central 
four-membered Mg&ring, two different metal;carbon bond distances can be seen 
(Mg(l)-C(1) 2.245(7) A, Mg(l)-C(1)’ 2.313(7) A). The central ring is rhomboidal, 
with large C-Mg-C angles (102.5(2)“) and small Mg-C-Mg angles (77.5(2)“). 
This leads to a relatively shoe Mg-Mg distance (2.853(4) A), which compares with 
a bonding distance of 2.76 A (from Mg-C = 2.15 A) and a contact distance in 
magnesium metal of 3.2 A 191. AIthough the distance might suggest the possibility of 
some direct metal-metal bonding, we think this is unlikely. The bridging of the aryl 
groups is unsymmetrical; the short Mg-C bond is closer to the plane of the aryl ring 
than the longer bond (angles: 28.3(3) and 46.4(3)O, respectively). In addition, the 
bridging aryl groups are twisted out of a symmetrical perpenckular position (see 
Fig. 3), and this reduces the angle between the planes Mg,C, and C(l-7) from 90 to 
76.2(3) =‘. This brings an ortho-carbon atom close to a magnesium atom, and 
introduces some q2-character into the bonding of the bridging aryl group (Mg(l)- 
C(2)’ 2.979(7) A, Mg(l)-C(6) 3.052(9) A). Each magnesium atom carries a terminal 
aryl group and a THF molecule, the bond lengths are normal (Mg(l)-O(l) 2.020(5) 
A, Mg(l)-C(l2) 2.130(7) A). The positions of the terminal groups can be related to 
those of the bridging aryl groups. The planes of Mg,C, and of the two p-tolyl 
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Table 5 

Bondangks(“)for3p 

Compound 36 

0(1)_mm-41) 
o(l)-Wl)-41)’ 
o(l)-WlWW) 
4u-w~wxw 
c(lFWW-412) 
ql)‘-Mg(l)-C(12) 

M&W-0(1)-C(8) 
WV-W)-~~~) 
c(8)_0(1)_~11) 
MIU)-C(~H’&W’ 
M&l)-W)-c(2) 
M&l)-c(l)-c(6) 
w$l)‘-W)-~2) 
M&l)‘-c(lVX6) 
q2)-cjl)-q6) 
c(l)-c(2)--c(3) 
CX2WJ3HX4) 
q3)-cJ4wx5) 

compound3a 

o(2)-Md2)-o(3) 
o(2)-W2)-c(23) 
o(2)-Mg(z)-WO) 
0(3)-Mti2)-CX23) 
0(3)-M8(2)-WO) 
q23)-Mgo-cm 
W2)-0(2)_W9) 
MgO-o(2)-c(22) 
W9)-o(2)-c(22) 
M&2)-0(3)-q37) 
W2)-0(3)_440) 
q37)-0(3)_ww 
0(2)_c(19wm 
m9)-a2Ow21) 
c(20)-c(2lwm 
0(2kc(~)_~21) 
M~tt2)-cx23w04) 
MEit2ww)-c(~) 
WW-c(~)_~28) 
q23)-w4)-q25) 

106.9(2) 
102.6(2) 
106.9(2) 
102.5(2) 
120.9(3) 
115.3(3) 
129.7(4) 
119.3(5) 
108.4(6) 
77.5(2) 

125.9(5) 
111.1(5) 
103.8(5) 
120.6(4) 
113.5(6) 

122.4(7) 
122.8(8) 
116.q9) 

%.7(2) 
104.6(3) 
106.6(2) 
110.3(3) 
110.2(2) 
124.4(3) 
126.9(S) 
124.4(5) 
107.q6) 
128.8(S) 
129.4(6) 
101.8(8) 
105.5(S) 
110.7(9) 
105.3(9) 
108.5(7) 
128.7(5) 
119.4(5) 
111.8(7) 
124.4(7) 

~3)-c(4)_co 
c(s)-co-cg 
q4)-q5)_a6) 
c(l)-c(a)-c(5) 
o(U-q8)_c(9) 
a8)-~9)_c(lO) 
co-WO)-ml) 
o(l)_~W-WO) 
wwxl2)-w3) 
M~W-q12)-W7) 
W3)-c(12)_c(17) 
‘W2)-W3)_W4) 
W3)-c(14)_c(15) 
W4WU5W06) 
c(l4)_c(l5)-W8) 
~16)_c(~5)-~18) 
W5)-W6)-c(l7) 
c(l2)_W7)-W6) 

122.7(9) 
121(l) 
121.1(9) 
123.5(7) 
103.8(6) 
107.3(8) 
108.q9) 
107.3(B) 
125.3(5) 
122.6(5) 
112-l(6) 
122.9(7) 

122.4(7) 
116.7(8) 
122.1(7) 
121.2(8) 
121.0(7) 
124.9(7) 

121.3(7) 
117.5(8) 

122.4(7) 
120-l(8) 

1m.2(7) 
124.8(7) 
125.8(5) 
123.4(5) 
llO.q6) 
124.3(7) 
121.8(8) 
115.8(7) 
122.3(8) 
121.8(8) 

=2.2m 
125.2(7) 
108.6(9) 

104(l) 
106(l) 
119(l) 

“indicatcssymmetryopaati~: -x,1-y,l-2. 

groups C(l-7) and C(12-18) tend more towards coplanarity (see Fig. 3; c(l-7)- 
C(12-18) 34.4(3) O, Mg&,-Mg(l)-c(12) 41.0(2)* ), than the Mg(l)-O(l) bond, 
which tends to be more perpendicular to the I@& plane (65.9(2)“). The unsym- 
metrical bridging of the ptolyl groups in 3b can be related to the fact that the 
magnesium car&s two different &rminal substituents. The bridging p-tolyl groups 
tends towards greater coplanarity with the terminal ones; in contrast the phenyl 
groups in lb bridge in a symmetrical manner between the magnesium atoms because 
these are bonded to two identical groups. 
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c20 

(3a) C36 

Fig. 1. hUTON drawing of the monomers F%I~M~*[THF]~ (la) and (p-tolyl)2Mg~[THF]2 @a), in similar 
projections; hydrogen atoms omitted for clarity. 

Bridging aryl groups between two magnesium atoms are also found. in the 
magnesate complex [Ph,Mg * PhLi - TMEDA12 (8) [26]. The centrosymmemc four- 
membered MgzArz rings in the central part of structures 3b and 8 have much in 
common. In both species, the bridging of the aryl group is unsymmetrical, giving 
rise to two different Mg-C bond lengths (8: 2.286(3) and 2.329(3) A). The 
intraannular C-Mg-C and Mg-C-Mg angles in 8 also have values comparable with 
those for 3b (102.1(7) and 77.3(3)O, respectively). In both structures, the magnesium 
atom with the shortest Mg-C distance is closer to the plane of fpe bridgjng phenyl 
group than the other magnesium atom (8: -1.18 and 1.68 A, respectively). In 
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Table 6 

Comparison of important bond distances (A) and angles (“) in la and 3a 

(la) 
M+c(l) 

Mg- o(l) 

c(l)-Mg-c(l)’ 
o(l)-Mg-o(1)’ 
O(l)-Mg-C(1) 

o(l)‘-Mg-c(1) 

2.127(4) 

2.030(4) 

122.4(l) 
94.2(l) 

107.1(l) 

111.3(l) 

04 
w2)-q23) 
Mg(2)-wO) 
W(2)-o(2) 
W2)-0(3) 

(3123)-Mg(2)-C(30) 
0(2)-Md2)-0(3) 
0(2)-Mg(2)-c(23) 
0(2)-Mg(2)-WO) 
o(3)-Mg(2)-c(23) 
o(3)-Mg(2)-c(30) 

2.132(S) 
2.126(7) 
2.050(S) 
2.031(6) 

124.4(3) 
%.7(2) 

104.6(3) 
106.6(2) 
110.3(3) 
110.2(2) 

contrast to those in 3b, the planes of the four-membered Mg,Ph2 ring and the 
bridging phenyl group in 8 are almost perfectly perpendicular (89.5 “). This may be 
related to the more symmetrical environment of the magnesium atoms in 8 (four 
phenyl groups), compared with those in 3b, which bear two different terminal 
groups ( p-tolyl and THF). 

Diethyl ether adducts 
As mentioned in the Experimental section, the isolation of stable diethyl ether 

adducts from 1 or 3 was not possible owing to loss of crystal solvent. This behavior 
must be attributed to the weaker coordinative ability of diethyl ether than of THF. 
From association measurements, it is known that diorganylmagnesium compounds 
are monomeric in THF over a large concentration range, and probably have a 

Fig. 2. F~UTON drawing of the dimer [( ptolyl)2Mg~THF]2 (3b); hydrogen atoms are omitted for clarity. 
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Fig. 3. hUTON drawing of [(ptolyl),Mg-THF], (3b), showing the relative orientation of the bridging 
phenyl groups relative to the Mg,C, four-membered ring. 

structure in solution analogous to that of la and 3a [27]. On the other hand, in 
diethyl ether, the association increases at higher concentrations. For 1, an associa- 
tion degree of 1.8 is reached in a 1.5 M solution in pure diethyl ether. These results 
clearly demonstrate the limited coordinating power of diethyl ether, which in 
competition with wary1 groups is too weak to prevent oligomerization at higher 
concentrations. The variable temperature ‘H NMR spectra of 1 along with 2.5 eq. of 
diethyl ether in toluene-d, showed the following effects at lower temperatures (see 
Experimental section): (i) The signals of the broad phenyl-H multiplet sharpened, 
and eventually a partial interpretation became possible; (ii) The positions of the 
phenyl-H signals shifted to lower field, and eventually became identical to those of 
la in C&,; (iii) The diethyl ether signals, a triplet (CH,) and a quartet (CH,) at 
room temperature, changed to broad signals without fine structure. These results 
can be accounted for in terms of the dissociation equilibria between Phr Mg . [Et2012 
and its oligomers (see Scheme 1). The equilibria shift to the right at lower 
temperature, and eventually almost all the diphenylmagnesium will be present as 
monomeric Ph,Mg - [Et tO],. The broadening of the phenyl-H signals due to dy- 
namic processes disappears, and the spectrum of the monomeric diethyl ether 
complex essentially resembles that of la. The broadening of the diethyl ether signals 
is a consequence of the slowing down of the exchange between complexed and free 
(excess) diethyl ether at lower temperatures. From the relative thermodynamic 
stability of the monomer at lower temperatures, it must be concluded that it has a 
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lower enthalpy than the associated species, i.e. the Mg-0 bond is more stable than 
the bridging phenyl group. 

Pobmeric diphenyhnagnesium (lb). 
Cr+aUization of lb was from a highly dilute solution in benzene containing a 

trace of diethyl ether (see Experimental section). The very low solubility of lb in this 

medium facilitates its crystallization, shifting the equilibrium of Scheme 1 to the 
left. In order to obtain crystals suitable for a X-ray structure determination, this 
process must be very slow. The crystals obtained were identified by ‘H NMR 
spectroscopy in THF-ds as pure [Ph,Mg],, without any solvent of crystallization 
(diethyl ether or benzene). Compound lb has a polymeric structure with a high 
degree of symmetry (Fig 4). This feature may simplify future theoretical calcula- 
tions on the structure of lb. Relevant data on the structure of lb can be found in 
Table 7. The tetra-coordinated magn@un atoms are arranged in a linear chain in 
the u-direction (Mg-Mg 2.8380(g) A) and connected by symmetri$ly bridging 
phenyl groups via t&e-center two-electron bonds (Mg-C 2.261(2) A, Mg-C-Mg 
77.73(g) O ). The centrosymmetric four-membered Mg,C2 rings are joined approxi- 
mately perpendicular to each other (89.83(E) O ). An analysis of the thermal motion 
shows libration of the chain around its axis. The coordination geometry of the 
magnesium atoms deviates from tetrahedral owing to the presence of the four-mem- 
bered Mg,C, rings. Three different C-Mg-C angles are found: 102_27(7)O inside 
the ring and 113.08(9) and 113.3(1)O outside. 

The crystal structure of lb is the first for a polymeric diorganyhnagnesium. The 
growth of single crystals of such species from apolar solvents is extremely difficult, 

Fig 4. PLUTON drawing of the [Ph,Mg], structure (lb) with adopted labeling showing part of the infinite 
chain in the a-dire&m. 
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Table 7 

Bond distances (A) and angles (O ) for lb a 

M&1)-41) 
4v-42) 
WHW) 
4ww 

MVW)-42) 
~g-41)-4~) 
c(2)-41)-W) 
41)-W-43) 
Mg-C(l)-Mg” 
cjl)-Mg-cjl)’ 

2.261(2) 
1.399(4) 
1.394(S) 
1.37q6) 

114.6(2) 
115.4(2) 
114.3(3) 
123.6(4) 
77.73(9) 

113.3(l) 

cx3)-cc4) 
a4kq5) 
45HX6) 

c(2kc(3)-q4) 
c(3)-ci4)-c(5) 
c(4)-W)-c(6) 
c(l)-c(6WW 
c(l)-Mg-c(l)‘” 
C(l)-Mg-C(l)“’ 

1.359(8) 
1.369(8) 
1.362(6) 

118.3(4) 
121.2(5) 
119.2(4) 
123.3(4) 
102.27(7) 
113.08(9) 

a Symmetry code: (i) x -l/2, - y, 2; (ii): x + l/2, - y, z; (iii): x-1/2, y, Z; (iu): - X, - y, - I. 

as these reagents normally have a very low solubility because of their polymeric 
nature. This renders the growth of good quality single crystals almost impossible. 
For the simple dialkyhnagnesium reagents [Me,Mg], (9) and [Et,Mg], (lo), the 
structure was determined by powder diffraction techniques [5]. These structures are 
comparable to those of lb, with the alkyl groups symmetrically bridging between the 
magnesium atoms. Unfortunately, powder diffraction techniques are not suitable for 
more complicated structures. In future investigations, the high dilution technique 
applied for lb may also be useful to give crystals of other unsolvated diorganyl- 
magnesium compounds suitable for single crystal studies. 

We previously reported the crystal structure of the unsolvated adduct [NpMgBr - 
Np,Mg], (11) [28]. This neopentylmagnesium compound has an exceptionally high 
solubility in apolar solvents, which facilitates normal crystallization from a n- 
heptane/toluene mixture. The structure of 11 consists of a polymeric chain with a 
backbone of tetracoordinated magnesium atoms, analogous to lb, 9 and 10. In an 
alternating sequence of 1: 3, the magnesium atoms are connected by two p-Br or 
two p-CH,CMe, groups. A higher symmetry for 11 is probably prevented by the 
nature of the neopentyl group, which has a low bridging ability owing to higher 
steric hindrance, and by the perturbing effect of the halogen atoms; these effects 
combine to lead to the presence of rmgnizable substructures of the components 
NpMgBr and Np,Mg, in a sort of memory effect. 
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